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SI Text
Synthesis. Polyamide 1 was synthesized by solid-phase synthesis
methods (1, 2) on oxime resin (Fig. S1) and purified by reverse-
phase HPLC (Fig. S2).
cyclo-(-ImImPyPy-(R)-BocHN-ImImPyPy-(R)-H2N-) 6. Oxime resin R3
was generated by manual solid-phase synthesis from Kaiser
oxime resin (1 g, 0.48 mmol/g; Novabiochem) using previously
described Boc-protected monomers (1, 2). Boc-Py-OBt (2) (716
mg, 2 mmol) was dissolved in 2 mL DMF and added to 1 g oxime
resin followed by 1 mL DIEA. The reaction was left in a 37 °C
shaker for 12 h. The resin was drained, washed with DMF 3,
DCM 3, and the Boc group was removed upon treatment with
20% TFA/DCM for 30 min. After draining the resin and washing
with DCM 3 followed by DMF 3, the second pyrrole residue
was coupled in the same fashion as the first, with complete
coupling after 2 h at 23 °C. Boc-Im-OH (3) (482 mg, 2 mmol) was
dissolved in 2 mL DMF and treated with 1.14 g (2 mmol) PyBOP
and 2 mL DIEA. This solution was stirred for 5 min before
addition to the resin vessel. Coupling was allowed to proceed for
2 h at 23 °C. The Boc-Im residue was deprotected using a 50%
TFA/DCM solution for 30 min at room temperature followed by
draining the resin and washing with DCM 3 and DMF 3. A
second imidazole residue was coupled following the exact same
procedure as the first. The turn unit, -Fmoc--Boc-(R)-
diaminobutyric acid (Fmoc-D-Dab-(Boc)-OH) (4) (660 mg, 1.5
mmol) was activated with PyBOP (855 mg, 1.5 mmol) in 2 mL
DMF and 1 mL DIEA at 23 °C for 15 min before addition to the
resin. Coupling was allowed to proceed for 2 h at 37 °C. After
deprotection with 20% TFA/DCM for 30 min, the next two
pyrrole residues were attached in exactly the same manner as
previously described using Boc-Py-OBt. The last two imidazoles
were added in the same fashion as the previous two. The final
turn unit, -Boc--Fmoc-(R)-diaminobutyric acid (Boc-D-Dab-
(Fmoc)-OH) (5) (660 mg, 1.5 mmol) was activated with PyBOP
(855 mg, 1.5 mmol) in 2 mL DMF and 1 mL DIEA at 23 °C for
15 min before addition to the resin. Coupling was allowed to
proceed for 2 h at 37 °C. After Fmoc deprotection with 25%
piperidine/DMF for 3  5 min, the resin was washed with DMF
6 and 1:1 DMF/DIEA 3. Next, the resin was diluted with 10
mLDMF and stored in a 37 °C shaker on medium speed for 24 h.
The resin was filtered off and the DMF concentrated to 1 mL
volume, taken up in 9 mL H2O (0.1% TFA), and purified by
preparative reverse-phase HPLC to give cyclo-(-ImImPyPy-(R)-
BocHN-ImImPyPy-(R)-H2N-) 6 as a fluffy white solid in 0.1%
overall yield (0.480 mol). cyclo-(-ImImPyPy-(R)-BocHN-
ImImPyPy-(R)-H2N-) 6MALDI-TOFMS (m/z): Calculated for
C57H68N24NaO12 [MNa] 1,303.53, found 1,303.36.
cyclo-(-ImImPyPy-(R)-H2N-ImImPyPy-(R)-H2N-) 1. A solution of cy-
clo-(-ImImPyPy-(R)-BocHN-ImImPyPy-(R)-H2N-) (6) (0.400
mol) in anhydrous TFA/DCM (1:1, 500 L) was stirred at 23 °C
for 5 min before being taken up in 9.5 mL H2O (0.1% TFA), and
purified by preparative reverse-phase HPLC to give cyclo-(-
ImImPyPy-(R)-H2N-ImImPyPy-(R)-H2N-) (1) as a fluffy white
solid in 90% yield (0.360 mol). cyclo-(-ImImPyPy-(R)-H2N-
ImImPyPy-(R)-H2N-) 1MALDI-TOFMS (m/z): Calculated for
C52H61N24O10 [MH] 1,181.50, found 1,181.55; calculated for
C52H60N24O10Na [MNa] 1,203.48, found 1,203.37; calculated
for C52H60N24O10K [MK] 1,219.46, found 1,219.33.
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Fig. S1. Solid-phase synthesis of cyclic polyamide 1 using Kaiser oxime resin and the commercially available building blocks presented above. Reagents and
conditions: (i) Boc-Py-OBt2, DIEA, DMF; (ii) 20% TFA/DCM; (iii) Boc-Py-OBt2, DIEA, DMF; (iv) 20% TFA/DCM; (v) Boc-Im-OH3, PyBOP, DIEA, DMF; (vi) 50% TFA/DCM;
(vii) Boc-Im-OH 3, PyBOP, DIEA, DMF; (viii) 50% TFA/DCM; (ix) Fmoc-D-Dab(Boc)-OH 4, PyBOP, DIEA, DMF; (x) 20% TFA/DCM; (xi) Boc-Py-OBt 2, DIEA, DMF; (xii)
20% TFA/DCM; (xiii) Boc-Py-OBt 2, DIEA, DMF; (xiv) 20% TFA/DCM; (xv) Boc-Im-OH 3, PyBOP, DIEA, DMF; (xvi) 50% TFA/DCM; (xvii) Boc-Im-OH 3, PyBOP, DIEA,
DMF; (xviii) 50% TFA/DCM; (xix) Boc-D-Dab-(Fmoc)-OH 5, PyBOP, DIEA, DMF; (xx) piperidine, DMF; (xxi) DMF, 37 °C, 24 h; (xxii) 50% TFA/DCM.
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Fig. S2. Polyamide analytical data. Analysis of polyamides 6 and 1 by analytical RP-HPLC and MALDI-TOF MS. Wavelength shown is at 310 nm.
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Fig. S3. Polyamide/DNA complex H-bond map. Hydrogen bond map of polyamide-DNA complex.
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Fig. S4. Polyamide/DNA complex map. Schematic diagram of polyamide/DNA crystal structure showing the sugar conformation at each position and calcium
ion coordination.
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Fig. S5. DNA H-bond map. Hydrogen bond map of DNA crystal structure.
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Fig. S6. Molecular electrostatic potential maps of compounds 1–4 and complex 5. Complex 5 coordinates were taken directly from the polyamide/DNA crystal
structure and used without geometry optimization. All ab initio calculations reported here were performed using HF/3–231G* as implemented in the Gamess
program (3–5). Full geometry optimization was performed on all structures except for complex 5 whose coordinates correspond to those of the crystal structure.
Electrostatic potential surfaces were generated by mapping the electrostatic potentials onto surfaces of molecular electron density (0.002 electron/Å3) and
color-coding, using the Chimera program. The molecular electrostatic potential energy values range from 25 kcal/mol for values of negative potential (red)
to 25 kcal/mol for values of positive potential (blue). This range was chosen to emphasize the variations in the aromatic region and some regions of the
electrostatic potential associated with heteroatoms may lie beyond the 25 kcal/mol range.
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Table S1. Data collection and refinement statistics
DNA/Cycle-PA DNA (native)
Data collection
Space group P1 C2
Cell dimensions
a, b, c, Å 22.50, 25.14, 29.09 31.83, 25.64, 34.17
, , , ° 66.53, 79.28, 79.57 90.0, 116.72, 90.0
Resolution, Å 26.47–1.18 (1.18) 15.91–0.98 (0.98)
Rsym or Rmerge 0.124 (0.154) 0.050 (0.075)
I/I 12.5 (8.9) 18.7 (8.3)
Completeness, % 94.6 (90.7) 89.5 (84.8)
Redundancy 4.0 (4.0) 2.5 (1.4)
Refinement
Resolution, Å 26.47–1.18 15.91–0.98
No. reflections 16,139 12,125
Rwork/Rfree 9.9/13.8 0.108/0.144
No. atoms 755 (795) 329 (437)
DNA 406 (441) 202 (297)
Polyamide 86 (86) —
Calcium ions 5 (6) 2 (3)
Water 258 (262) 125 (137)
B factors (mean) 5.7 6.2
DNA 5.6 6.5
Polyamide 5.2 —
Water 19.2 20.1
Calcium ions 11.7 33.2
rms deviations
Bond lengths, Å 0.026 0.033
Bond angles, ° 2.57 3.44
*Data collection values in parentheses are for highest-resolution shell, and refinement values in parentheses are for all atoms.
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